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BACKGROUND: The severe acute respiratory syndrome 
(SARS) was first described in February 2003. Close 
contact with symptomatic patients appears to be the main 
route of transmission, whereas blood transfusion trans¬ 
mission could not be ruled out. 

STUDY DESIGN AND METHODS: A SARS coronavirus 
(SARS-CoV) detection kit developed by C. Drosten 
(Bernhard Nocht Institute, BNI) was used to amplify 
SARS-CoV sequences from blood donor samples. We 
tested 31,151 blood donor samples in minipools of up to 
96 samples. To validate the sensitivity of the assay, 
routine donor minipools (88 ± 8 samples per pool) were 
spiked with plasma of an imported case of SARS or of 
a subsequently infected contact person, respectively. 
Gamma-irradiated cell culture supernatants of Vero E6 
cells, infected with SARS-CoV, were used as positive 
controls. 

RESULTS: None of 31,151 blood donors were positive 
for the presence of SARS. Two 96-member plasma pools 
that were each spiked with 100 pL of plasma of the 
German index patient or his wife, respectively, were 
positive. Overall, 0.85 percent of test results had to be 
considered invalid owing to negative internal controls. 
CONCLUSION: A real-time CoV PCR test is able to 
detect SARS-CoV in viremic blood donor samples even 
in the beginning of the disease when patients present 
minor clinical symptoms. Thus the assay could potentially 
help to prevent transfusion-associated SARS-CoV 
transmissions. 


I n February 2003, the severe acute respiratory syn¬ 
drome (SARS) was identified as a new clinical entity. 1 
It involves severe but uncharacteristic symptoms 
such as fever, dry cough, dyspnea, malaise, head¬ 
ache, and hypoxemia. 2,3 More than 8000 patients have 
been infected since February 2003 worldwide. Approxi¬ 
mately 9 to 10 percent of SARS patients have died. 4 The 
disease is transmitted from human to human by droplets 
or by direct and indirect contact, although airborne 
spread cannot be ruled out. 5 Little is known about differ¬ 
ent stages of viremia in SARS. 

In April 2003 the causative agent was identified as 
a new type of coronavirus (SARS-CoV). 6 ' 8 The virus was 
detectable in feces and the respiratory tract even 4 weeks 
after most of clinical symptoms. 910 To protect recipients 
of blood components from transfusion-transmitted SARS 
the German Red Cross transfusion services deferred blood 
donors for 6 weeks after travel to infected areas. An addi¬ 
tional safety measure would have been to detect possible 
viremia in patients eligible for blood donation. Therefore, 
we evaluated a real-time PCR detection kit for analytical 
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properties and suitability in a large blood bank setting. 
Furthermore, we show that by use of the real-time PCR 
with our extraction method for PCR testing of blood dona¬ 
tions, it is feasible to detect a positive donor in minipools 
of 96 donor samples. 

MATERIALS AND METHODS 

Enrichment of viruses and nucleic acid extraction 

After pooling of 100-pL aliquots of up to 96 blood samples 
on an automated pipetting station (Genesis, Tecan, 
Crailsheim, Germany), the complete pool of up to 9.6 mL 
was centrifuged at 48,000 x g for 60 minutes at 4°C. n 
Supernatants were discarded and virus pellets were sub¬ 
jected to nucleic acid extraction using viral RNA extraction 
kits (Qiagen, Hilden, Germany) in a modified protocol. 12 
Aliquots of 5 pL of the total eluted volume of 75 pL were 
subjected to PCR amplification for SARS virus. Extracts 
were stored at -20°C for repeat testing. 

Nucleic acid extraction from single donors 

RNA from 100 pL plasma of each patient was extracted 
with the Qiagen viral RNA kit. Nucleic acid extraction was 
performed according to the manufacturers’ instructions. 
Aliquots of 10 pL of the total eluted volume of 40 pL were 
subjected to PCR amplification for SARS-CoV RNA. 

Amplification and detection 

The real-time quantitative amplification of SARS-CoV was 
performed according to the manufacturers’ instructions 
(RealArt HPA-Coronavirus, Artus GmbH, Germany) using 
a thermocycler (LightCycler, Roche Applied Science, 
Mannheim, Germany). 

Reference samples 

Artus assay-specific standards (internal standards) were 
tested from 10 1 to 10 4 copies per pL. Additionally, a 
gamma-irradiated, purified culture supernatant of SARS- 
CoV infected Vero cells was used as a quantification stan¬ 
dard (external quantification standard). Virion integrity in 
this preparation had been confirmed by H. Gelderblom 
(Robert Koch Institute, Berlin, Germany), by electron 
microscopy. The viral RNA concentration had been deter¬ 
mined in an external laboratory by multiple quantitative 
real-time PCR determinations (C. Drosten, unpublished 
data). The preparation had been shown to be noninfec- 
tious in cell culture (M. Niedrig, Robert Koch Institute, 
Berlin, Germany, personal communication). 

Test pools 

A total of 354 routine minipools representing 31,151 blood 
donor samples, containing an average of 88 ± 8 samples 
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Fig. 1. Course of the disease. Patient 1 was a 32-year-old physi¬ 
cian from Singapore, and Patient 2 was his 30-year-old wife. 
Plasma sample was taken from Patient 1 on Day 10 and from 
Patient 2 on Day 3 of disease. 

per pool, had previously been tested for HIV-1, HBY HCY 
HAY and parvovirus B19. 13 Forty-two pools were parvovi¬ 
rus B19+, 3 pools HBV+, and 5 pools HCV+. No pool was 
positive for the presence of HIV or HAV (data not shown). 

Patients 

The history of two confirmed SARS patients hospitalized 
in Germany has been described elsewhere. 614 One- 
hundred microliters of plasma of both patients was avail¬ 
able, collected on Day 10 (Patient 1) and Day 3 (Patient 2) 
of the disease (Fig. 1). 

Statistical analysis 

The sensitivity, SD, and CV of the real-time PCR test was 
calculated using computer software (Excel 2000, Microsoft 
Corporation, Redmond, WA). For the Probit analysis a 
software package (SPSS 11.5, SPSS, Chicago, IL) was used. 

RESULTS 

Precision and linear range 

Precision is defined as the degree of scattering within a 
series of analyses. It is expressed as the SD, percentage CY 
and the range (lowest and highest tested value). Table 1 
shows the test results of the internal standards between 5 
x 10 1 and 5 x 10 4 copies per reaction. The SD of the assay 
is between 0.39 and 0.68 of the crossing points (crossing 
point defines the PCR cycle where the fluorescence signal 
could be detectable for the first time). The CV ranges 
between 1.5 and 2.1 percent. The assay range shown in Fig. 
2 appears to be linear between 5 x 10 1 and 5 x 10 4 copies 
per reaction. The Pearson correlation factor between 
nominal and measured concentration was 0.995. 

Sensitivity of the kit 

Different dilutions of the external quantification standard 
(0, 50, 100, 200, 400, 600, and 800 copies/mL) were pre¬ 
pared and 100 pL of each dilution was spiked into 9.5-mL 
negative plasma pools. Each dilution was repeatedly 
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TABLE 1. Precision of the RealArt HPA-Coronavirus assay, testing external 

positive standards of the test kit* 


Nominal 
concentration 
input copies/ 
reaction 

Number of 
test samples 

Mean measured 
concentration 
input copies/ 
reaction (range) 

Mean crossing 
point 

SD 

%C V 

50,000 

10 

54,605.00 

(47,410.00-58,050.00) 

22.43 

0.40 

1.8 

5,000 

10 

4,756.30 

(3,750.50-6,000.00) 

25.88 

0.39 

1.5 

500 

10 

437.55 

(355.6-570.5) 

29.23 

0.46 

1.6 

50 

10 

56.20 

(50.5-61.2) 

32.11 

0.69 

2.1 


* Internal standards were tested in four different concentrations. Each concentration was 
analyzed in 10 PCR runs. The crossing points represents PCR cycle numbers, where 
fluorescence levels of all samples are the same and just above background. 



Nominal SARS RNA concentration 
log input copies/reaction 

Fig. 2. Linear range of the SARS LC test. Correlation between 
nominal SARS RNA concentration and measured SARS RNA 
concentration of the internal standard. Each concentration was 
analyzed in 10 independent PCR procedures, y = 1.0965x - 
52.74; R 2 = 0.995. 

spiked and tested in 10 minipools. Minipools were centri¬ 
fuged and the supernatants were discarded. The virus pel¬ 
lets were extracted as described above. Results are shown 
in Table 2. Probit analysis of these data yielded a detection 
probability of more than 95 percent in parallel tests when 
an average of at least 93 copies per mL (95% Cl, 71-155 
copies/mL) were present in individual plasma samples 
before pooling. The corresponding concentration for 
achieving a 50 percent probability was 43 copies per mL 
(95% Cl, 18-63 copies/mL). 

Testing of blood donors for SARS CoV sequences 

To determine the degree of nonspecific reactivity of the 
test, a total of 31,151 blood donor plasma samples were 
tested in 354 minipools (range, 88 ± 8 samples per pool). 
Amplification failures were monitored in each single-pool 


RNA extract by in-tube amplification of 
a control RNA sequence, detected with 
a hetereologous DNA probe. All pools 
tested negative for SARS virus. Three 
pools had invalid results (failed amplifi¬ 
cation of internal control RNA, 0.85% of 
all analyzed runs). 

Detection of SARS-CoV sequences 
in patient samples and after spiking 
of plasma pools containing 95 
negative donor samples 

To demonstrate the sensitivity of the 
assay if applied to real patient samples 
contained in a diagnostic minipool, 
100 pL of plasma from Patients 1 and 2 were spiked into 
negative 95-member minipools, respectively, centrifuged, 
and analyzed as described. Figure 3 shows the real-time 
PCR analysis of both patients. The plasma sample from 
Patient 1 was collected on Day 10 and from Patient 2 on 
Day 3 of the disease. Whereas Patient 1 had severe clinical 
symptoms like fever, cough, and arthralgia Patient 2 
showed at sampling time only minor symptoms like 
slightly increased body temperature. To quantify the 
SARS-CoV, a quantified, inactivated virus preparation was 
used as a calibration standard in real-time RT-PCR. The 
virus load of Patient 1 and Patient 2 was 50 and 210 copies 
per mL, respectively, back-calculated from minipool PCR. 
Using the single-donor testing procedure we measured 
188 copies per mL for Patient 1 and 203 copies per mL for 
Patient 2 (data not shown). 


DISCUSSION 

In this study we demonstrate the technical and analytical 
feasibility of screening blood donors for SARS-CoV on a 
routine basis. Emerging diseases represent a permanent 
threat to public health all over the world. 15 ' 17 Recently 
introduced NAT testing for transfusion-transmitted 
viruses can be an essential method to prevent the spread 
of emerging infectious diseases by blood products. 1318 The 
recent identification of West Nile virus in North America 
and its incorporation into blood screening has shown how 
swiftly NAT for new pathogens can be implemented when 
efficient test technology is available. 19,20 For SARS-CoV 
NAT-based methods have been the first laboratory tests 
available after the identification of the causative agent. 

Patients with a mild course of SARS recover 10 days 
after the outbreak of clinical symptoms. 21 Antibodies of 
SARS could be measured in patients on Day 16 of the 
disease, 22,23 and NAT could therefore be the only way to 
identify patients with mild symptoms or in the early phase 
of disease, who might nevertheless be viremic. 6 
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The NAT assay evaluated here shows technical prop¬ 
erties that doubtlessly qualify it for blood screening appli¬ 
cations. The calculated analytical detection limit of the 
assay (e.g., 0.62 input copies/reaction, corresponding to 
93 copies/mL individual donor plasma at 95% probability 
of detection for pooled samples) appears to be extraordi¬ 
narily high compared to other pool-based RT-PCR 
tests. 12,24 Because a 95 percent detection limit below 2 to 5 
input copies per reaction is regarded as unrealistic even in 
ultrasensitive assays, we assume that the external quanti¬ 
fication standard is underestimated by at least one deci- 


TABLE 2. Analytical sensitivity for pool plasma 
samples (96 samples/pool)* 


Copies of external 
quantification 
standard RNA 
spiked in minipools 

Number positive/ 
number tested 

Percent positive 

80 

10/10 

100 

60 

10/10 

100 

40 

10/10 

100 

20 

10/10 

100 

10 

9/10 

90 

5 

8/10 

80 

0 

0/10 

0 


External quantification standard was extracted from 9.6 mL of 
96 pooled donor samples after centrifugation. Five microliters 
of 75-pL nucleic acid extract was analyzed. The 95 percent 
detection limit was 93 copies/mL; the 50 percent detection limit 
was 43 copies/mL. 
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Fig. 3. Real time PCR of SARS-CoV in two patients. (I) 100 |iL of plasma from Patients 
1 and 2, collected from Day 10 (Patient 1) and Day 3 (Patient 2) (Fig. 1) of the disease, 
was spiked into 9.5-mL HIV-1-, HBV-, HCV-, HAV-, parvovirus B19-, HBsAg-, and Tre¬ 
ponema pallidum hemagglutination assay-negative donor plasma pools and analyzed 
by pool PCR. (II) 100 |iL of plasma from Patient 1 and 2 was measured by single-donor 
PCR. A = Standard 1 (10 2 copies/pL); B = Standard 2 (10 1 copies/pL); C = Patient 2; 

D = Patient 1; E = no template control. 


mal power. Thus we suspect that viremia levels are at least 
10 times higher than published. 

Its robustness (0.85% invalid test results) is better 
than that of other NAT screening systems: in HIV and HCV 
NAT, invalid results in screening were obtained with 1.10 
and 1.07 percent of samples, respectively, using the same 
sample type. 25 The low percentage of CV of the cycle num¬ 
ber at which the internal control was detected (3.8, n = 
354) demonstrates the low intraassay variation. Stable 
reaction properties are also reflected in the good quanti¬ 
fication results (linear range at least between 10 1 and 10 4 
copies/pL of SARS-CoV; %CY 1.5-2.1 cycles). As an addi¬ 
tional necessary prerequisite for NAT when pooled sam¬ 
ples are tested, we could demonstrate that SARS-CoV 
particles spiked in plasma can be efficiently concentrated 
by routine centrifugation methods. 12 Because the input 
volume of RNA is only 5 pL per assay, SARS-CoV can be 
tested for from the same nucleic acids extract as that rou¬ 
tinely generated for HIV-1, HBY HCV HAY and parvovirus 
B19 testing. SARS-CoV can therefore be added to our rou¬ 
tine testing with little technical effort, if necessary. 

To show that minipool NAT is capable of detecting 
SARS-CoV in plasma of real SARS patients, two such sam¬ 
ples were tested in pool PCR and single-donor PCR. The 
determined virus concentrations in both detection modes 
differed only very slightly (50 vs. 180 copies/mL in one and 
210 vs. 203 copies/mL in the other patient), confirming 
the high efficiency of virus concentration after pooling. 

Patients with clinical symptoms (fever, cough, etc.) 

were deferred from blood donation by 
the transfusion doctor. Even though 
people with smooth symptoms could 
stay undiagnosed by the physician. In 
such cases NAT could be the only 
method to analyze viremic patients in 
early stages of the disease. Although up 
to now asymptomatic blood carriage of 
SARS-CoV has not been reported, blood 
transfusion services should be aware of 
such a possibility to maintain the high 
level of blood safety. In the present study 
we demonstrate the feasibility of 
screening blood donors for SARS-CoV 
on a routine basis. 

An early diagnostic test, detecting 
viremia in people before they show clin¬ 
ical symptoms, in combination with 
quarantine measurements, could effi¬ 
ciently reduce the spread of the dis- 
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ease. 26 The example of Canada showed 
that a new outbreak is possible any 
time. 27 ' 29 On the basis of current knowl¬ 
edge a return of the disease cannot be 
ruled out completely. Particularly the 
origin of the virus is assumed to be the 
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civet cat, which could not be quarantined. 30 To improve 
safety of blood products we could show that our blood 
transfusion service can screen blood products for the 
presence of SARS CoV on a routine basis if necessary. 
Together with West Nile virus the global SARS outbreak 
demonstrates that NAT enables new test systems to be 
developed very early after sequencing of essential parts of 
the genome of the emerging viruses. With the modern NAT 
blood transfusion services can adopt routine testing for 
newly emerging viruses immediately after their identifica¬ 
tion and improve blood safety. 

Although the technical and analytical prerequisites 
for NAT testing are fulfilled by the test, it is still not clear 
whether there might be nonpathogenic or unrecognized 
viruses resembling SARS-CoV in healthy populations. 
SARS-CoV constitutes a novel, fourth, monophyletic 
group within the genus Coronavirus . 8 The large genetic 
distance from other coronaviruses suggests that SARS- 
CoV and other putative members of the novel group might 
have evolved, and thus spread, over long periods of time. 
In contrast, in this study we show that there is no NAT 
reactivity in 31,151 donor samples from central Europe. 
Because the polymerase gene targeted by the assay is 
highly conserved between related coronaviruses, 31 it can 
be concluded that no such virus is present in this popula¬ 
tion. SARS-CoV screening by NAT should therefore yield 
highly specific results in an epidemic situation. Data as to 
the relevance of SARS-CoV to transfusion safety have to be 
obtained by testing samples from the time and place of 
the recent epidemic. Such results are eagerly awaited. 
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